Introduction
Myocardial infarction (MI) is one of the most widely spread manifestations of cardiovascular disease, which is associated with a disparity between coronary blood supply and myocardial demand. According to the world health organization report, heart disease and stroke will become the leading causes of death and disability worldwide by the year 2020. 1 Furthermore, MI can also cause other obvious symptoms, such as myocardial fibrosis and cardiac hypertrophy. 2 After acute coronary artery occlusion, the blood flow from the obstruction point is cut off, and the defective region of myocardium is infarcted and cannot continue to function and may lead to arrhythmias. Heart damage caused by myocardial infarction begins with the production of free radicals and active oxygen species, which act as a chemotactic factor to cause neutrophils entry to damaged tissue and exacerbate injuries. Neutrophils produce more oxygenated radicals and enzymes such as elastase that causes more damage. 3 Therefore, one of the treatment options for limiting injury in ischemia-reperfusion is free radical scavenging. The rat model of isoproterenol-induced myocardial infarction is a non-invasive standardized method to evaluate protective effect of various potential compounds against MI. Subcutaneous injection of isoproterenol as a non-selective β-adrenergic agonist induces severe stress in myocardium, ischemic injury, myocardial hypertrophy and fibrosis. 2 Studies have indicated the importance of various natural products, especially the ones with antioxidant properties, in management of numerous diseases. 4 
Several

A B S T R A C T
Background: Astragaloside IV (AST) is a saponin from the roots of Astragalus plants which has been widely used in traditional medicine to treat cardiovascular diseases. However, the effect of AST on myocardial infarction remains unknown. Thus, we aimed to investigate the cardio protective effects of AST on isoproterenol-induced myocardial infarction in rats. Methods: AST was isolated from the roots of Astragalus caspicus. Male Wistar rats were assigned to 5 groups of control, isoproterenol, and treatment with 2.5, 5 and 10 mg/kg AST given orally immediately before MI induction. Subcutaneous injection of isoproterenol (100 mg/kg) for two consecutive days was used to induce myocardial infarction. AST was given orally once daily for 4 days. On the fifth day hemodynamic and electrocardiographic parameters were assessed, and serum and tissue samples were used to evaluate histological and biochemical changes. To more assessment of the effects of AST on myocardium, we also used three doses of 0.1, 1 and 2 µM of AST in isolated heart model. In statistical analysis with one-way-ANOVA test, any differences between groups were considered significant at p<0.05. Results: Isoproterenol injection caused ECG abnormality, hemodynamic depression and myocardium damage. While AST administration increased mean arterial blood pressure and heart rate and improved the left ventricular contractility. The peripheral neutrophil count, cardiac enlargement and cardiac ischemia was significantly decreased by AST. Also, histopathological evaluations showed that AST significantly diminished post MI necrosis and fibrosis in heart tissue and inhibited the inflammatory responses. The isolated heart studies hemodynamic factors showed no significant changes. Conclusion: Results showed that AST can protect heart against myocardial infarction by improving cardiac histology and ventricular contractility. Due to the lack of protection in the isolated heart, it is likely that the positive effects are more associated with the improvement of the oxidative stress markers in the systemic circulation, and the absolute effect on the isolated heart does not play an essential role in myocardium protection. biochemical reactions in our body produce free radicals and active oxygen species that can damage vital biomolecules such as proteins and DNA. Natural products with antioxidant and anti-inflammatory effects play a major role in treating cardiovascular diseases. 5 Many plants or their compounds show beneficial effects in myocardial infarction by limiting hyperlipidemia and scavenging free radicals. 6 Astragalus (Fabaceae Family) commonly known as 'milk-vetch' or 'locoweed' is used in traditional medicine as a remedy for a wide spectrum of diseases including nephritis, diabetes mellitus and hypertension. Astragaluside IV, a saponin of cycloartane-type triterpene isolated from the roots of Astragalus caspicus has been shown to possess many pharmacological properties such as antimicrobial, anti-inflammatory and diuretic effects. 7 AST also demonstrated a cardio-protective effect by increasing coronary blood flow through adjusting nitric oxide and increasing myocardial antioxidative enzymes. 8 In animal model of heart failure, the protective effects of AST were also documented. 9, 10 Furthermore, in an isoproterenol-induced myocardial hypertrophy, the cardioprotection role of AST with relation to inhibiting the TLR4/NF-кB signaling pathway and the attenuating inflammatory effect was indicated. 11 The purpose of the present study is evaluating the cardio-protective effects of AST in myocardial infarction and its efficacy in preventing the post MI injuries. Furthermore, to assess the hemodynamic effects of AST in condition of far from systemic circulation, the isolated heart method were utilized.
Materials and Method
Preparation of Astragaloside IV Astragalus caspicus roots were collected from Tabriz, Iran in June 2016. Dried roots of Astragalus caspicus were used to isolate Astrgaloside IV with chromatographic methods according to Fathiazad et al. 12 The collected white powder of Astragaloside IV were used for further pharmacological studies. In-vivo studies Animals were randomly consigned to 5 groups of isoproterenol, control, and treatment with 2.5, 5 and 10 mg/kg of AST. Myocardial infarction was induced by subcutaneous injection of 100mg/kg isoproterenol in normal saline solution in rats of isoproterenol and treatment groups for first two consecutive days. Treatment groups were given oral AST suspension in normal saline consecutively for 4 days; while control and isoproterenol groups were received oral normal saline. In fifth day animals were anesthetized using ketamine and xylazin mixture. Then a thorax midline incision was operated. To measure systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MAP) and heart rate (HR), the right carotid artery was cannulated with a micro tip catheter transducer (Millar instruments, INC) . In order to analyze cardiac left ventricular contractility, the catheter was inserted inside the left ventricle recording maximum and minimum of developed left ventricular pressure (LVdP/dtmax and LVdP/dtmin). A Powerlab system (AD Instrument, Australia) was used to record these parameters constantly. After recording hemodynamic factors, blood samples were gathered from the hepatic vein and centrifuged (1000 rpm, 10 min, 8°C) to obtain the serum. The serum was stored in -70°C for additional studies. The hearts were dissected out and washed in cold normal saline to calculate heart weight to body weight ratio in order to gauge cardiac hypertrophy. Afterward, they were stored in -70°C for further studies.
Animals
Peripheral neutrophil counting
Prior to centrifuging venous blood samples, a small drop of fresh blood was smeared on clean lams and fixed with methanol and colored with Gimsa solution. In order to assess percent of neutrophils, white blood cells were counted in 100x zooming light microscope.
Histopathological examination
In another set of samples, isolated hearts were initially cut out and fixed in 10% buffered formalin. The heart tissues were embedded in paraffin and sectioned in 5 μm thick segments. Some of these segments were stained with Hematoxylin and Eosin (H&E) to observe the degree of necrosis and edematous in myocardium and some were stained with Gomeri Trichrom in order to detect the fibrotic tissue. Another person categorized the histopathological variations as 0, 1, 2, 3 and 4 respectively for none, low, moderate, high and intensive pathologic variations.
Determination of lipid peroxidation in myocardium
Malondialdehyde (MDA) as a product of lipid peroxidation is an important indicator for assessment of oxidative stress. The following procedure was used to gauge MDA level in myocardial tissue and serum according to Satoh et al. 13 The hearts were homogenized in a ratio of 1/10 in 1.15% (w/v) cold KCl solutions. 0.5 ml of the homogenate was mixed with 3 ml of 1% orthophosphoric acid and shacked in a 10 ml centrifuge tube. 1 ml of 60% TBA was added to the blend, shaken, and warmed for 45 minutes in a boiling water bath. After cooling, 4 ml of n-butanol was added to the tubes and blended strongly. Then tubes were centrifuged for 15 minutes at 5000 rpm and the amount of MDA was obtained from the absorbance at 535nm spectrophotometerically against n-butanol.
Glutathione peroxidase and superoxide dismutase
Glutathione peroxidase (GPx) and Superoxide dismutase (SOD) are antioxidant enzymes that inhibit the oxidative stress and reduce size of the infarct area by decreasing the amount of post-reperfusion injuries. Quantitative assessment of GPx and SOD in heart tissue was achieved using commercially available kit (Randox, England) consistent with manufacturer's instruction.
Lactic acid
Lactic acid as a marker of ischemia was measured in serum to figure the deviations of ischemia after treatment. In order to assess lactic acid the experiment was performed using commercially available kit (Randox, England) according to instructions of the manufacturer.
In-vitro studies
Isolated heart method were performed as published previously.
14 Briefly, male Wistar rats were heparinized (1000 IU/kg; i.p.) and then anesthetized with ketamine/xylasin (60 / 10 mg/kg; i.p.). When the rats didn't responded to external stimuli, the surgery for harvesting the heart was done. Harvested heart was transferred as soon as possible to a dish containing ice cold modified Krebs-Henseleit buffer (K/H) and mounted immediately to the langendorff apparatus (ML176-V Langendorff Apparatus, ADInstruments, Australia). Isolated hearts were perfused at a constant pressure (80 mmHg) with a modified K/H solution. The perfusate was gassed with carbogen (5% CO2/95% O2) to set the pH in 7.38-7.56 at 37°C. To measure left ventricular contractility, a latex balloon attached to a pressure transducer (MLT844 physiological pressure, ADInstruments, Australia) was inserted into the left ventricular cavity via the mitral valve after removing the atrial appendage. After stabilization period (15 min) with infusion by K/H, the K/H without or with extract (0.1, 1, and 2 µM in separate groups) was infused for whole duration of the experiment (60 min). The changes in flow rate in whole period of experiment were assessed. By the means of inserted balloon, the heart rate, the left ventricular developed pressure [LVDP: the differences of left ventricular systolic pressure (LVSP) and left ventricular end-diastolic pressure (LVEDP)], the maximum rate of left ventricular (LV) pressure increase (LVdP/dtmax; contraction), the maximum rate of LV pressure decline (LVdP/dtmin; relaxation) were measured. All parameters were continuously recorded using a Powerlab system (ADInstruments, Australia) during 60 min.
Statistical analysis
Results were expressed as mean ± SEM. One-way ANOVA analysis of variance was applied to compare the groups. In case of significant difference, the groups were compared with the Tukey post-test. P<0.05 was regarded as statistically significant.
Results
The in-vivo studies results
The effect of Astragaloside IV on hemodynamic parameters Analysis of hemodynamic results indicated that the systolic blood pressure (SBP) was significantly increased from 113±12 mmHg in isoproterenol group to 123±13 and 119±12 mmHg respectively with 2.5 mg/kg and 5 mg/kg of AST. Diastolic blood pressure (DBP) which was reduced to 84±16 mmHg after Isoproterenol injection, improved to 101±9, 89±7 and 90±15 mmHg respectively with 2.5, 5 and 10 mg/kg of AST. Isoproterenol lowered the heart rate (HR) from 300±18 bpm in control group to 227±23 bpm (P<0.001); but treatment with all concentrations of AST elevated HR compared to isoproterenol group. (Table 1 ) Analyzing results of left ventricular maximal and minimal rates of pressure (LV dP/dtmax and LV dP/dtmin) indicated that compared to control group, subcutaneous injection of isoproterenol exposed a decrease in LV dP/dtmax (P<0.001) and elevation in LV dP/dtmin (P<0.001). But administration of 2.5, 5 and 10 mg/kg of AST improved these parameters approximately to the standard value, as the LV dP/dtmax was augmented (P<0.001, P<0.01 and P<0.001 respectively) and LV dP/dtmin was diminished considerably (P<0.001, P<0.01 and P<0.05 respectively). (Figure 1 ).
The effect of Astragaloside IV on the peripheral neutrophil count
The neutrophils percentage in peripheral blood system, was considerably elevated from 8.5±1% in control group to 21±3% in isoproterenol group (p<0.001). However oral administration of AST in 2.5 mg/kg concentration reduced the neutrophil percentage to 18±1% and the doses of 5 and 10 mg/kg were able to lower the neutrophil percentage significantly to 15±2% and 14±1% respectively (p<0.05, p<0.01). (Figure 2 
The effect of Astragaloside IV on wet heart weight to body weight ratio (g/g %)
As it is evident in Figure 3 , wet heart weight to body weight ratio (g/g %) was measured to express the degree of cardiac enlargement after heart failure. Compared to control group, the rats that received a subcutaneous injection of isoproterenol had a remarkable increase in wet heart weight to body weight ratio (p<0.05). Nevertheless treatment with 5 and 10 mg/kg AST lowered the ratio significantly to 0.31±0.01% and 0.33±0.01% respectively (p<0.001, p<0.05).
The effects of Astragaloside IV on histological changes
In order to evaluate the extent of myocardial necrosis, heart sections stained with Hematoxylin and Eosin (H&E) were examined with light microscope. The histological studies showed an intact myocardium without degeneration, necrosis and edema in control group. As it is obvious in Figure 4 , tissue sections from isoproterenol treated rats exhibited a remarkable level of necrosis with intramuscular edematous and hyperplasia (p<0.001), while treatment with all doses of AST prevented the necrosis and edematous noticeably (p<0.05, p<0.01 and p<0.05 respectively). Also myocardial sections stained with Gomeri Trichrome were examined to evaluate cardiac fibrosis after inducing MI. As indicated in Figure 5 , in comparison with control group that shows no sign of degeneration and fibrosis, injection of isoproterenol lead to a severe level of fibrosis detectable as blue dyed parts (p<0.001), however treatment with 2.5 and 5mg/kg AST inhibited the inflammatory responses and fibrosis significantly (p<0.05, p<0.01).
The effect of Astragaloside IV on MI biomarkers
MDA level in serum and myocardium was measured as an indicator of lipid peroxidation. Injection of isoproterenol caused an elevation in serum (p<0.05) and myocardial MDA (Table 2) . Treatment with 2.5mg/kg AST decreased MDA level in serum (p<0.05); however administration of the other concentrations of AST had no significant effect on MDA level in serum and myocardial tissue. Superoxide dismutase (SOD) and glutathione peroxide (GPx) were measured as antioxidant biomarkers. Compared to control group SOD level was lower in isoproterenol treated rat hearts (p<0.05) and administration of 2.5 mg/kg AST increased SOD level slightly ( Figure 6 ). Also after injection of isoproterenol, GPx level evidently decreased from 0.2±0.01 u/mg protein in control group to 0.17 (P<0.05), and treatment with 5mg/kg AST elevated GPx level in myocardium to 0.18±0.01 u/mg protein ( Figure 7) . Lactic acid as a marker for myocardial ischemia was measured in serum. As it is indicated in Figure 8 isoproterenol injection produced a substantial elevation (p<0.001) in lactic acid level from 17.3±2.4 in control group to 25.5±4.2 mg/dl, whereas oral administration of all doses of AST specially 2.5 mg/kg lowered serum lactate level remarkably (P<0.05). Figure 9 represents the change of flow rate (% of initial value) during whole period of experiment. As it is expected the flow rate had a decreasing trend over the experiment time. The administration of AST showed the same downward order with dose defendant steeper slope. In the time of 60 of experiment, the decrease in flow rate by 2 µM AST was significant in comparison to control group. Figure 10 represents the change of hemodynamic parameters (% of initial value) during whole period of experiment. As it is demonstrated in all groups, the parameters of HR, LVDP and max and min dP/dt had a declining trend over the experiment time. However there was no significant difference in AST receiving groups compared to control group.
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Discussion
In present study, we investigated the protective effects of Astragaloside IV on rats with acute myocardial infarction caused by isoproterenol injection and in isolated rat hearts. The results showed that AST can protect heart against the damage initiated by myocardial infarction evident by improvement of hemodynamic disorders, left ventricular dysfunction, heart tissue restoration, and ischemic injuries reduction associated with the decline in pre-inflammatory responses. Subcutaneous injection of isoproterenol as a betaadrenergic receptor agonist immediately increases the blood pressure, but after a while it can lower arterial pressure followed by elevation in oxygen demand, hypoxia and myocardial ischemia. Resulting necrosis and cardiovascular damage; mean arterial blood pressure, heart rate and cardiac contractility are diminished. The decrease in systolic blood pressure, diastolic blood pressure, mean arterial blood pressure, and heart rate induced by isoproterenol injection for two consecutive days, indicates a heart failure associated with myocardial infarction, which is clinically dangerous. Decrease in blood pressure and heart rate grows the requirement for oxygen. As a result, the balance between coronary blood supply and myocardial demand deteriorates and eventually leads to hypoxia and ischemic heart disease. 15 Following oral administration of AST, the indicated deterioration of arterial blood pressure and heart rate was approximately improved. AST is a saponin with a steroidlike structure. For this respect, the obtained results could be due to the direct effect of AST on the heart and its quasi-steroidal structure. 16 In the present study, different doses of AST improved cardiac contractility as well. Enhancement of LVdP/dt max and LVdP/dt min, which respectively represent left ventricular contraction and relaxation markers, indicates positive inotropic effects of AST that as like as digital compounds could be attributed to the steroid-like structure of this compound. To evaluate this hypothesis, we also assessed the effects of AST in isolated rat hearts hemodynamic factors. The results of invitro studies demonstrated no significant difference in hemodynamic parameters, which may suggest that the positive results of hemodynamic parameters were obtained in in-vivo studies are more related to other protective role of AST such as anti-oxidant and changes in inflammatory markers of systemic circulation. The peripheral neutrophil count is an indication of the onset of inflammatory responses following myocardial infarction, which is performed by assessing the neutrophil dispersion into the blood. Following isoproterenol injection, there is a significant augmentation in the number of neutrophils in the blood. Neutrophils have cytotoxic effects and produce inflammatory responses leading tissue degradation and production of free radicals. 17 AST, especially concentrations of 5 and 10 mg/kg, significantly decreased the peripheral neutrophil count, which indicates the role of AST in preventing inflammatory responses. The heart weight to body weight ratio is an adequate parameter to evaluate the degree of cardiac enlargement and post-MI edematous. The significant increase in this ratio after isoproterenol injection, indicate cardiac hypertrophy as a result of increased cardiac output. 18 Heart weight elevation can be in regard to the increase in water volume, intramuscular edema, inbalance of protein content and cellular infiltration. 19 Treatment with different doses of AST significantly reduced the heart weight to body weight ratio and inhibited cardiac hypertrophy and edematous that may be related to the anti-inflammatory effects of AST besides to improvement of hemodynamic activity. 20 Isoproterenol induces cardio toxicity through inducing myocardial necrosis associated with edema, tissue damage and leukocyte infiltration. Various mechanisms have been proposed to validate cardiac toxicity induced by isoproterenol such as: Hypoxia-ischemia, coronary deficiency, metabolic changes, and oxidative stress. 21 Hypoxia-ischemia appears to be a major mechanism for toxic effects of isoproterenol. Histological examination of the heart tissue in rats receiving 100 mg/kg of isoproterenol evidently reveals signs of necrosis and hyperplasia affiliated with the intramuscular edema in H&E staining. Myocardial fibrosis is also detectable with the significant increase in fibrotic tissue marked as the blue dyed parts in Gomeri Trichrome staining. Results shows that treatment with AST protects the heart against necrosis and fibrosis considerably and lessens myocardial damage and edematous caused by isoproterenol. Active oxygen species are a major element in left ventricular disorders and myocardial infarction. One of the biochemical mechanisms of isoproterenol-induced myocardial infarction is production of free radicals and oxidative stress. Malondialdehyde which is obtained from the oxidative decomposition of unsaturated fatty acids is an important biomarker for determination of oxidative stress and the activity of free radicals. 22 Although the injection of isoproterenol increases the level of malondialdehyde, which indicates an increase in lipid peroxidation; however, different doses of AST did not show a clear effect on serum and myocardial MDA levels. Some related studies have focused on the antioxidant effects of the AST. 23, 24 but it seems that AST protects the heart against myocardial infarction primarily with different mechanisms other than lipid peroxidation pathway. Some of the body's natural antioxidants neutralize the active oxygen species produced by isoproterenol injection. Superoxide dismutase is one of these antioxidants that catalyzes the free radicals of superoxide to oxygen and hydrogen peroxide, and by preventing oxidative activity of nitric oxide and formation of peroxynitrite radicals, inhibits cellular damage. 25 Glutathione peroxide, as a peroxidase, protects cells against oxidative stress by reduction of lipid hydro peroxidation to related alcohols, and converting hydrogen peroxide radicals to water. 26 Despite the results of previous studies that emphasize the positive effect of AST on SOD elevation and antioxidant effects of AST, 27 these effects were not observed in the conditions provided by this study. Lactate levels in the clinical therapy are used as a symptom to assess the severity of the disease and evaluate the response to treatment. Ischemia caused by myocardial infarction due to decreased blood flow, as well as inflammation caused by ischemic reperfusion injury, elevates serum lactate levels. 28 Subcutaneous injection of isoproterenol for two constant days causes hypoxia and ischemia followed by an increase in the level of lactic acid. Meanwhile different doses of Astragaloside IV especially the dose of 2.5 mg/kg inhibited this elevation. It seems that decrease in lactic acid level is correlated with anti-inflammatory effects.
Conclusion
Present study demonstrates the protective effects of AST against isoproterenol-induced myocardial infarction in rats mainly due to its inhibitory effects on oxidative stress process. AST improved cardiac contractility and hemodynamic parameters, reduced pre-inflammatory responses as well as ischemic injuries, and helped to maintain the structure of the cardiac cells and myocardial membrane by diminishing of necrosis, edema and fibrosis of myocardial connective tissue. As the non-significant effects on hemodynamic parameters of isolated heart, the protective role of AST may be more relevant to antioxidative stress impacts. Eventually, with more profound studies, Astragaloside IV can be considered as a potential agent on the treatment of myocardial infarction and post-MI injuries.
